voltammetric determination, 10 potentiometry, 11 radioimmunoassay 12 and flow injection analysis (FIA). 13 Their simultaneous determination has been traditionally achieved using high-performance liquid chromatography (HPLC). 4, 14, 15 Capillary electrophoresis (CE) has been alternatively used 16, 17 and a method utilizing NMR spectroscopy has also been developed. 18 In recent years, some spectrophotometic methods have been described in order to resolve both of these compounds: chemometric-assisted kinetic-spectrophotometric methods, 2, 19 a kinetic H-point standard addition method (HPSAM), 3 and an enzymatic flow-batch system with spectrophotometric detection. 20 However, as far to our knowledge, only an spectrofluorometric method using double synchronous scans has been reported for the simultaneous determination of levodopa and carbidopa. 21 It is noteworthy that methods using spectral signals (absorption and excitation and emission spectra) have not been widespread. An explanation for this fact lies in the strong spectral overlapping of both compounds, which in principle precludes the application of multivariate calibration of spectroscopic data for resolution of a mixture of levodopa and carbidopa. Owing to this fact we selected the kinetic profiles as an analytical signal for the simultaneous quantification of levodopa and carbidopa.
As an analytical technique, fluorescence has the basic advantage of considerably greater sensitivity compared with other methodologies. Moreover, kinetic methods are being considered as alternatives for studying mixtures with a small number of analytes to be quantified. It is possible to discriminate among mixtures on the basis of differences in the reaction rates with a common reagent. 6 Ce(IV) has been used as an oxidizing agent for the determination of several pharmaceuticals. [22] [23] [24] [25] [26] [27] [28] [29] It can be easily reduced to Ce(III), which shows a characteristic fluorescence in dilute sulfuric acid. This reaction could be implemented as an expeditious method for the indirect fluorometric determination of several pharmaceutical species that cannot be directly determined by fluorescence. 27 Multivariate calibration methods are being successfully applied to instrumental data of a variety of sources, mainly spectroscopic, in order to construct predictive models for the determination of mixtures of compounds in several fields. 30 Recently, chemometric methods based on factor analyses and artificial intelligence have found increasing applications for multicomponent kinetic determinations. 2 multicomponent analysis due to the performance of its calibration models, to the availability of software and to the easiness of its implementation. 30 The aim of this work is to develop an indirect kineticspectrofluorometric method for the simultaneous determination of levodopa and carbidopa in pharmaceutical preparations. The analytical procedure is based on the oxidation of these drugs by Ce(IV) in the presence of sulfuric acid, and monitoring of the fluorescence intensity of the formed Ce(III) at lexc = 255 nm and lem = 355 nm. The differences in the obtained kinetic profiles were used to determine mixtures of both compounds by multivariate calibration of the kinetic data, using the PLS-1 model.
The results found upon applying the proposed method have been compared with those obtained by HPLC, used as a method of reference.
It is important to point out that the compounds analyzed in the present paper were previously studied in a completely different context, measuring second-order data (fluorescence emission spectra as a function of the reaction time with cerium), which were then employed as a model to evaluate the performance of the second-order chemometric method multivariate curve resolution-alternating least-squares (MCR-ALS). 33 In this previous work, the aim was to achieve a so-called second-order advantage (i.e., quantitation of a given analyte in the presence of uncalibrated sample components), under conditions of extreme spectral overlapping (the fluorescence emission spectra). For this latter purpose, carbidopa was considered to be the analyte and levodopa the potential interferent. In the presently discussed work, however, the simultaneous quantitation of both levodopa and carbidopa is described, based on the measurement of firstorder data (kinetic evolution at fixed excitation and emission wavelengths), processed with a first-order multivariate calibration method, such as PLS in the absence of substantial interferents.
Experimental

Instrumentation and software
Fluorescence measurements as a function of time were performed on a Varian Cary Eclypse luminescence spectrometer equipped with a 7 W Xenon pulsed lamp and connected to a PC microcomputer, using 1.00 cm quartz cells. The instrumental parameters were: excitation and emission slit, 5 nm; lexc, 255 nm; lem, 355 nm; photomultiplier tube (PMT) sensitivity, 550 mV.
All measurements were performed in a thermostated cell at 20.0 ± 0.1˚C by means of a RM 6 LAUDA thermostatic bath.
Kinetic curves were measured in random order with respect to the analyte concentrations, and those corresponding to the calibration set were recorded on different days with respect to the validation set and commercial samples. Data were saved in the ASCII format, and transferred to a PC Sempron AMD microcomputer for subsequent manipulation by the PLS program. PLS-1 was applied with the program MVC1, 34 written in MATLAB 6.0, and freely available on the Internet at www. chemometry.com. The program is based on a previously described algorithm. 35, 36 Sigmaplot 9.0 software was used for regression analysis and the treatment of data.
High-perfomance liquid chromatographic procedures were carried out on a Waters (Milford, MA) liquid chromatograph equipped with a 515 Waters high-pressure pump operating at 2.5 mL/min, a Rheodyne injector with a 20-mL sample loop and a variable-wavelength UV-vis detector measuring at 282 nm. A 5-mm Zorbax SB C18 column (15 cm ¥ 4.6 mm i.d.) was used at room temperature.
Reagents
All chemicals used were of analytical reagent grade. For spectrofluorometric measurements the following solutions were employed: 0.1 and 0.25 mol L -1 H2SO4 solutions were prepared from commercial H2SO4 (Merck, Darmstadt, Germany). Stock solutions of levodopa (Klonal Laboratories, Buenos Aires, Argentina) and carbidopa (Klonal Laboratories), both 600 mg L -1 , were prepared by weighting the required amount of the corresponding compounds and, after adding drops of sulfuric acid 0.25 mol L -1 , dissolving in doubly distilled water. Both solutions were prepared daily. A stock solution of Ce(IV) (1.00
) was prepared from Ce(IV) sulfate tetrahydrate (Merck) and dissolved in 0.25 mol L -1 H2SO4.
For HPLC determinations, stock solutions of levodopa and carbidopa (10000 and 2000 mg L -1 , respectively) were prepared as described above. The mobile phase was prepared following the Pharmacopoeia directions, and consisted in a buffer of 0.1 mol L -1 NaH2PO4 (NaH2PO4·H2O; Merck), adjusted to pH 3.0 with H3PO4 (Merck). 37 
Calibration and validation sets
For training the PLS-1 model, a calibration set was constructed by preparing nine calibration samples following a central composite design, with five concentration levels of each analyte (levodopa in the range 0.0 -1.20 mg L -1 and carbidopa in the range 0.0 -0.55 mg L -1 ). Table 1 gives the composition of the binary mixtures used in the calibration set. All calibration samples were prepared in duplicate and measured in random order.
A validation set with 8 randomized samples was prepared with the concentrations of levodopa and carbidopa, as reported in Table 2 . Validation solutions were prepared by mixing appropiate volumes of stock solutions of levodopa and carbidopa in concentrations which were selected at random from their corresponding calibration ranges.
Commercial tablets
The analyzed pharmaceuticals were purchased from a local drugstore. Commercial tablets of Lebocar 250/25, Lebocar 100/25, Lebocar Ap (Pfizer; Searle Argentina, Buenos Aires, Argentina), Sinemet 250/25, Sinemet 100/25 (Merck Sharp & Co., Whitehouse Station, NJ), and Prikap 250/25, Prikap100/25 (Elea, Buenos Aires, Argentina) were analyzed. The tablets were processed as follows: 20 tablets were finely powdered, and a suitable amount of the obtained powder was weighed, dissolved in 0.1 mol L -1 H2SO4, sonicated for 30 min and filtered through a 0.45-mm nylon membrane filter. For the spectrofluorometric procedure, the previous solutions were diluted with doubly distilled water to obtain the required concentrations for the assay. The final concentrations and analyte ratios in each test solution were within the corresponding calibration ranges. Each sample solution was prepared in triplicate and measured in random order.
Spectrofluorometric procedure
The analytes oxidation reaction was carried out directly in a spectrofluorometer cell. In order to obtain the kinetic profiles, calibration, validation and samples solutions were processed as follows: 2.50 mL of the corresponding solution was added to the quartz cell and thermostated at 20˚C, and 200 mL of Ce(IV) 1.00 ¥ 10 -3 mol L -1 in H2SO4 0.25 mol L -1 solution was added. Then, the cell was capped and its content was homogenized by turning it upside down. After 10 s, the relative fluorescence of the induced Ce(III) as a function of time was recorded during 5 min every 0.008 min (600 points) at lexc = 255 nm and lem = 355 nm. To avoid interference due to the initial presence of Ce(III), the fluorescence intensity of the Ce(IV) solution was measured daily to obtain an appropriate blank correction: 200 mL of Ce(IV) 1.00 ¥ 10 -3 mol L -1 in a H2SO4 0.25 mol L -1 solution was added to a cell containing 2.50 mL of doubly distilled water, following the same procedure as described above. The blank signal was subtracted from each measurement.
Chromatographic procedure
A calibration set was prepared in the range 800 to 1300 mg L -1 for levodopa and 150 to 350 mg L -1 for carbidopa, considering the content of both analytes in the pharmaceuticals tablets. Each pharmaceutical preparation was processed as discussed above (see Commercial tablets). The prepared solutions of tablets (20.0 mL) were injected into the HPLC column. Chromatographic separation was accomplished in 600 s under isocratic conditions, using a buffer phosphate to pH = 3 as the mobile phase. The flow rate was maintained at 2.5 mL/min. The peaks of both analytes were well resolved, with retention times of 130 s for levodopa and 525 s for carbidopa. However, since carbidopa is present in pharmaceuticals preparations in significantly smaller concentrations than levodopa, the analytes must be quantitated separately using sample solutions of different concentrations. Each sample solution was injected in triplicate and the concentrations were calculated using the calibration curve.
Partial least-squares (PLS-1)
PLS is a regression technique for multivariate data, and has been applied to many fields in science with great success. PLS is the most popular regression method for multicomponent analyses, due to its versatility and predictive capacity, and shows several important advantages: 1) it employs full data, a feature critical for the resolution of complex multi-analyte mixtures, 2) analytical procedures can be carried out in a short time, usually with no sample clean-up or physical separation, and 3) its calibration models ignore the concentrations of other components, except for a selected analyte in the studied samples. 30 PLS involves a two-step procedure: (1) calibration, where the relation between vectorial data such as spectra and reference component concentrations is established from a set of standard samples, and (2) prediction, in which the calibration results are employed to estimate the component concentrations in unknown samples. 38 In the PLS-1 version, all model parameters are optimized for the determination of each analyte at a time. During the model training step, the calibration data are decomposed by an iterative algorithm, which correlates the data with the calibration concentrations using a so-called "inverse" model. 35 This provides a set of regression coefficients to be applied to a new sample. Before calibration, however, the optimum number of latent variables should be selected in order to avoid overfitting, by applying the leave-one-out crossvalidation method described by Haaland. 35 
Results and Discussion
Effect of operational parameters
The kinetic behavior of most chemical species in chemical reactions can be controlled by changing the microenvironment of the reaction. Suitable experimental conditions (pH, concentration of Ce(IV) and temperature) were analyzed in order to obtain an adequate analytical signal and to improve the selectivity. Effect of Ce(IV) concentration. The influence of the Ce(IV) concentration was studied in the range between 1 ¥ 10 -5 and 1 ¥ 10 -4 mol L -1 . Higher concentrations were not evaluated because of the possibility of a fluorescence inner filter, since Ce(IV) absorbs at 350 nm (lmax about 320 nm), 28 the same l at which Ce(III) emits. The rate of the reaction increases with the concentration of Ce(IV) up to 2 ¥ 10 -5 and 3 ¥ 10 -5 mol L -1 for carbidopa and levodopa, respectively. For values higher than these, the rate of the reaction remains constant (zeroth partial order). This represents an [oxidant]/[analyte] relation of 11 for carbidopa and 14 for levodopa.
Therefore, the final concentration of Ce(IV) was fixed at 9 ¥ 10 -5 mol L -1 , while taking into account the calibration range for both analytes.
Influence of chemical variables.
Selectivity is an important factor to resolve mixtures of analytes, and thus the experimental conditions (pH, temperature) were analyzed and selected to maximize it. The effect of temperature on the reaction rate of levodopa and carbidopa was studied in the range of 10 -50˚C, working at the optimal concentration of Ce(IV) and at the acidity given by the sulfuric acid contained in the added cerium solution. The kinetic curves at several temperatures are represented in Figs. 1A and 1B. As can be observed, the increase in temperature causes an increase in the reaction rate for both compounds.
The effect of acidity was examined in three different sulfuric acid concentrations: 0.02 mol L -1 (given by the added cerium solution), 0.1 and 0.25 mol L -1 . As shown in Figs. 2A and 2B , the increase in acidity causes a decrease in the reaction rate for both systems.
On the basis of the kinetic profiles, the selectivity under each condition was calculated according to the following equation:
where: S1 = Sp1i 2 , S2 = Sp2i 2 and S12 = Sp1i ¥ p2i; p1i is kinetic profile of component 1 at time i and p2i is the kinetic profile of component 2 at time i.
The values of selectivity obtained when analyzing the different acidity conditions did not significantly differ. The same tendency was obtained when analyzing the temperature in the range 10 -30˚C. However, for values higher than 30˚C, the selectivity decreased. For simplicity and for better control of the experimental variables, and taking into account the intensity of the measured signals, the selected conditions were 20˚C and the acidity, given by an added cerium solution (0.02 mol L -1 H2SO4).
Spectroscopic and kinetic characteristics
Levodopa and carbidopa react with Ce(IV) in a sulfuric acid medium to give fluorescent Ce(III), which presents an emission maximum at 355 nm when excited at 255 nm. Figure 3 shows excitation and emission spectra corresponding to the carbidopa and levodopa systems induced by oxidation with Ce(IV), where the obtained maxima correspond to the formed Ce(III). Figure 4 shows the kinetic curves of levodopa and carbidopa during reactions with Ce(IV) under the selected conditions. Even though the analytes show differences in their reaction rates with Ce(IV), their kinetic profiles exhibit an important overlapping, making it necessary to use multivariate calibration techniques for resolution. These methods may use the kinetic constants as discriminatory parameters to resolve the mixture of analytes.
Data analysis
With the aim of determining if the differences of the kinetic constants may discriminate the analytes, a set of calibration and validation samples were prepared and analyzed by PLS-1. In order to build multivariate calibration models for levodopa and carbidopa determination, oxidation curves with Ce(IV) were recorded for all samples. Due to the variability of the blank, the kinetic profiles processed by PLS-1 correspond to those corrected with the appropriate blank. The selected sensor ranges were 1 -80 for carbidopa and 1 -200 for levodopa. Using these sensor ranges, PLS-1 coupled to leave-one-out cross-validation was then performed in order to estimate the number of optimum latent variables in each case, using the Haaland and Thomas criterion. 35 The optimum number of factors was estimated by computing the ratios F(A) = PRESS(A < A*)/PRESS(A) (where PRESS = S(ci,act -ci,pred) 2 , is the predicted error sum of squares, ci,act and ci,pred indicate the actual and predicted concentration for the ith sample, A is a trial number of factors and A* corresponds to the minimum PRESS), and selecting the number of factors leading to a probability of less than 75% that F > 1. This analysis led to the conclusion that the latter number is two for both calibrations, which allows PLS to explain more than 99% of the observed variance in the calibration data. Table 1 summarizes the optimum number of factors for each analyte, the optimal regions used in the calibration and the statistical parameters of calibration: squared correlation coefficient (R 2 ), relative error of prediction (REP) and root mean square error (RMSE), which provide an indication of the quality of fit of all calibration data. The calculated figures of merit for both analytes (sensitivity, analytical sensitivity (g), its inverse 1/g, selectivity and limit of detection (LOD)) are also given in Table 1 . Table 2 gives the prediction results and statistical analysis corresponding to the validation set (binary mixtures). They indicate that the present method is accurate in what concerns binary mixtures, as suggested by the appropriate validation RMSE and REP values.
With the purpose of evaluating the proposed method in real samples, seven commercial tablets containing levodopa and carbidopa were analyzed with the developed method. The obtained values, summarized in Table 3 , indicate that the method yields good results concerning the simultaneous determination of levodopa and carbidopa in pharmaceutical samples, with good recoveries: between 98 and 101% for levodopa and from 100 to 108% for carbidopa. For the assayed commercial samples, the recoveries are all within the ranges recommended by the British Pharmacopoeia. 37 The recoveries were calculated while considering the nominal contents declared by the manufacturing laboratories. In order to asses the accuracy of the method, the PLS results were compared with those provided by a reference technique proposed by the Pharmacopoeia, using paired t-test statistics at a 95% confidence level, and revealed no significant differences between both methods (Table 3) . 39 Therefore, the excipients present in commercial tablets do not appear to constitute interferences to the developed method.
The proposed method shows an improvement in simplicity and speed with respect to those currently employed for the simultaneous determination of these compounds, such as HPLC and CE, and does not require expensive equipment or the use of organic solvents. Another advantage is that, compared to the existing spectrophotometric methods for the determination of the studied drugs, it is more sensitive, 2, 3, 19, 20 and it is similar to the reported spectrofluorometric method. 21 It can also determine lower concentrations of carbidopa in the presence of higher amounts of levodopa, and thus can be successfully applied to the analysis of tablets that usually contain higher amounts of levodopa with respect to carbidopa.
In conclusion, the proposed method allows for the simultaneous determination of levodopa and carbidopa without any pretreatment (separation or masking) in pharmaceutical samples.
Conclusions
The simultaneous determination of levodopa and carbidopa in pharmaceutical samples was performed using kinetic profiles of the reaction with Ce(IV). A first-order mulivariate calibration method (PLS-1) was applied. A validation set of synthetic mixtures as well as pharmaceutical samples were studied. The results discussed above show that PLS-1 is a good alternative to the simultaneous determination of levodopa and carbidopa in pharmaceutical samples based on the difference in the rate of the reaction with a common oxidant, Ce(IV). The proposed method shows an improvement in simplicity and speed with respect to those currently employed for the simultaneous determination of these compounds, such as HPLC and CE, and is more sensitive than previously reported methods, based on simultaneous spectroscopic determinations. In addition, the results obtained for commercial tablets were statistically comparable to those obtained by the reference Pharmacopoeia method based on HPLC. Additionally, the present study opens the possibility of using the proposed method for the determination of levodopa and carbidopa in biological samples. Fig. 3 .
